Western Michigan University

ScholarWorks at WMU
Master's Theses

Graduate College

12-1970

Immunological and Reproductive Responses in the Male Rat
Following Challenge with Homologous or Autologous Sperm
James M. Andress

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses
Part of the Veterinary Anatomy Commons, and the Veterinary Physiology Commons

Recommended Citation
Andress, James M., "Immunological and Reproductive Responses in the Male Rat Following Challenge
with Homologous or Autologous Sperm" (1970). Master's Theses. 2962.
https://scholarworks.wmich.edu/masters_theses/2962

This Masters Thesis-Open Access is brought to you for
free and open access by the Graduate College at
ScholarWorks at WMU. It has been accepted for inclusion
in Master's Theses by an authorized administrator of
ScholarWorks at WMU. For more information, please
contact wmu-scholarworks@wmich.edu.

IMMUNOLOGICAL AND REPRODUCTIVE RESPONSES IN
THE MALE RAT FOLLOWING CHALLENGE WITH
HOMOLOGOUS OR AUTOLOGOUS SPERM

by
James M. Andress

A Thesis
Submitted to the
Faculty of The Graduate College
in partial fulfillment
of the
Degree of Master of Arts

Western Michigan University
Kalamazoo, Michigan
December 1970

R e p ro d u c e d with perm ission of the copyright owner. Further reproduction prohibited without permission.

ACKNOWLEDGMENTS

The author wishes to express his gratitude to his committee
chairman, Dr. R. J. Ericsson, and to the committee members, Dr. G.
Duncan, Dr. J. Lawrence, and Dr. J. S. Wood.

Helpful assistance

was freely given by Dr. G. D. Gray with immunological problems,
and Dr. M. Johnson with statistical analysis.

The author is in

debted to The Upjohn Company for the use of laboratory facilities
and animals throughout this research.

James M. Andress

R e p ro d u c e d with perm ission of the copyright owner. Further reproduction prohibited without permission.

MASTER'S THESIS

M-2630

ANDRESS, James Michael
IMMUNOLOGICAL AND REPRODUCTIVE RESPONSES IN
THE MALE RAT FOLLOWING CHALLENGE WITH
HOMOLOGOUS OR AUTOLOGOUS SPERM.
Western Michigan University, M.A., 1970
Physiology

U niversity Microfilms, A XEROX Company , A nn Arbor, M ichigan

R e p ro d u c e d with perm ission of the copyright owner. Further reproduction prohibited without permission.

TABLE OF CONTENTS

PAGE

LIST OF TABLES AND FIGURES.

...................................iv

INTRODUCTION.........................

1

LITERATURE REVIEW .............................................

3

PROCEDURES, RESULTS AND DISCUSSION............................... 16
General Experimental Procedures .............................

16

Rabbit Serum Controls .......................................

16

Intravenous Injection of Homologous Sperm ...................

19

Antibodies to Sperm in Animals Treated with

-Chlorohydrin . . 23

General Discussion............................................ 38
SUMMARY AND CONCLUSION.......................................... 34
REFERENCES...................................................... 36

iii

R e p ro d u c e d with perm ission of the copyright owner. Further reproduction prohibited without permission.

L IS T OF TABLES AND FIGURES

TABLE

page

1

Sperm antibody titers of rats eight weeks
after final intravenous injections of rat
sperm or Tyrode's solution.............................21

2

Sperm autoantibody titers in rats receiving
90 m g A g body weight of
-chlorohydrin or
Vehicle 122 once, orally...............................25

3

Sperm autoantibody titers nine months post
treatment in rats receiving 90-100 mg/kg
body weight of
-chlorohydrin once, orally ..........

26

Sperm autoantibody titers in rats receiving
45 mg/kg body weight of oC-chlorohydrin or
Vehicle 122 orally, daily for eight days. , ..........

29

4

FIGURE
1

Composite of autoantibody titers to sperm
found in all rats treated with *< -chlorohydrin......... 30

iv

R e p ro d u c e d with perm ission of th e copyright owner. Further reproduction prohibited without permission.

INTRODUCTION

The ability of an animal to recognize and react against the
presence of foreign material is illustrated by examples of blood
group incompatibility and rejection of tissue transplants.

Reactivity

among different blood groups was one of the earliest antigen-antibodv
reactions studied; although in 1899, Landsteiner discovered that
sperm were antigenic when introduced into regions of the body other
than the reproductive tract.

Following Landsteiner's discovery,

antigenic activity has also been found using preparations of semen,
seminal fluid and testicular tissue from heterologous and homologous
species.

Seminal antigens, in most cases, have been injected with

an adjuvent to enhance antibody production.
Sperm and other products of the male reproductive tract do not
normally come in contact with blood, and a number of antigenic sub
stances can be found in sperm and seminal plasma which have no
counterpart in the blood.

If sperm are injected into the body, or

if the integrity of the reproductive tract is interrupted, allowing
sperm to enter other areas of the body, we might expect these unique
antigens to induce antibodies directed against these sperm.

If the

antigenic challenge results from the disruption of the reproductive
tract, then the antibodies produced would be termed autoantibodies.
Autoantibodies to sperm have been found in the serum of some human
males following vasectomy.
The objective of this study was to determine the effects of
1
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introducing homologous or autologous sperm into male rats.

Homo

logous sperm were injected intravenously and the treated animals
tested for circulating antibodies to rat sperm and for changes in
fertility.

Autologous sperm were released to the interstitial

region as a result of treatment with a male antifertility drug,
©< -chlorohydrin (Upjohn U-5897). This drug has the ability to
cause sperm granulomas in the initial segment of the caput epididymidis.

Animals treated with o<-chlorohydrin were examined for

the presence of circulating autoantibodies to rat sperm, and the
effectiveness of this drug in inducing antibodies was compared to
the effectiveness of intravenous injection of homologous sperm.
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LITERATURE REVIEW

History suggests that man recognized some of the effects of
immunology on the reproductive process long before immunology was
itself understood.

Katsh and Katsh (1965) in a review of immunolo

gical control of reproduction, point to primative practices such as
the use of potions containing animal testes to induce infertility.
In the Descent of Man, published in 1898, Darwin suggests that overindulgence in sexual activities might be a cause of lowered fertility
in some women.

Recently, high levels of sperm agglutinating anti

bodies have been discovered in selected groups of infertile women,
lending some credence to Darwin's suggestion (Franklin and Dukes,
1964; Schwimmer et al., 1967a).
The antigenicity of sperm was first demonstrated bv Landsteiner
(1899).
pigs.

Landsteiner injected bull sperm parenterally into guineaHe observed rapid immobilization of bull sperm which was

subsequently placed in the peritoneal cavities of these sensitized
animals.

By the end of 1900, four other authors, Metchnikoff,

Metalnikoff, von Moxter and von Dungern had published studies of
their own, verifying the antigenic property of bull, human, guineapig and ram sperm or semen (Katsh and Katsh, 1965).

A fairly

comprehensive review of immunological studies using semen and testis
material listed 150 reports concerning 225 experiments published by
1961 (Tyler, 1961).
The number of methods of antigenic challenge, methods of
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antibody detection and theories explaining the mechanisms of immuno
logical response has continued to proliferate to the present time.
One of the early studies pertinent to the antigenicity of
homologous sperm was conducted by Guyer (1922).

He injected male

and female rabbits intravenously with rabbit semen recovered from
a mated doe.

The blood serum of the injected animals totally in

activated rabbit sperm- including a

sensitized male's own sperm -

in less than

15 hours. Sperm placed in normal rabbit serum remained

active after

24 hours. In addition, the sperm of a sensitized male

appeared to be less viable than sperm of a normal male, even when
incubated in normal rabbit serum.
McCartney (1923a, 1923b) examined the effects of vasoligation
or subcutaneous injection of homologous sperm in male rats.
ney reported that both treatments
and atrophy of the testes.
conclusions.

McCart

led to destruction of the sperm

Quick (1926) disagreed with McCartney's

Quick found that one to five subcutaneous or intra-

peritoneal injections of epididymal rat sperm into homologous males
led only to the production of intra-scrotal cysts in some animals.
He proposed that such cysts could force the testes from the scrotum
into the peritoneal cavity where the higher temperatures would be
unfavorable for spermatogenesis.
Under ordinary circumstances, large quantities of antigenic
material must be introduced over a prolonged period to obtain high
levels of circulating antibodies.

The problem of inducing guinea-

pigs to produce high levels of antibody to homologous and autologous
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testicular tissue confronted Freund ££££-,

(1953) •

Freund observed

that if the antigenic substance was suspended in paraffin oil con
taining killed mycobacteria - subsequently termed "Freund's complete
adjuvent" - antibody production was greatly enhanced.

Intracutaneous

injection of homologous or autologous guinea-pig testicular homogenate
in complete adjuvent led to production of antibodies which appeared
to be both species and organ specific, causing aspermatogenesis with
no evidence of inflamation (Freund e_t a_l., 1953).

Hargis et al.,

(1968) produced experimental aspermatogenesis in mice by injecting
homologous testis material with a Bordetella pertussis phase I
vaccine as an adjuvent.

The authors postulated that B. pertussis

enhanced reactions of delayed as well as immediate hypersensitivity.
As the field of immunology evolved, investigators became more
concerned with characterization of the antigens associated with
sperm and semen and development of more sensitive assays for the
detection of antigen-antibody complexes.

Henle et al., (1938)

using separated bull sperm heads and tails found heat-labile antigens
of both head and tail specificity.

An antigen common to both heads

and tails was found to be heat stable to 100°C, and a head-specific
antigen of undetermined heat stability was found only in solutions
containing broken heads.
Several immuno-assay techniques were developed during the 1950's
which offered greatly increased sensitivity and specificity.

Among

these were the macroscopic sperm agglutination in gel technique
(Kibrick et al., 1952), passive hemagglutination procedures using
tannic acid sensitized erythrocytes (Stavitski, 1954a, 1954b) and

R e p ro d u c e d with perm ission of the copyright owner. Fu rther reproduction prohibited without permission.

the method for detecting precipitating antigen-antibody complexes
by double diffusion in gel (Ouchterlony, 1958) . The diffusion rate
of a molecule moving through a colloidal system such as Ouchterlony
used is dependent upon the molecular weight and configuration of the
migrating molecule.

If a system contains several antigens and anti

bodies of different weights and configurations, these components will
migrate at different rates.

The result will be more or less distinct

bands of precipitation, giving an idea of the minimum number of
precipitating antigen-antibody complexes present in the system.
Refinement of Ouchterlony's technique by the addition of immunoelectrophoretic migration of the antigenic substances enabled Kulangara (1969) to detect as many

as 11 distinct antigens in ram seminal

plasma, and up to nine antigens in the supernatant of glass-ground
ejaculated sperm from two breeds of rams.

Kulangara found distinct,

individual patterns of seminal plasma and spermatozoal antigens.
Of the five Blackface rams tested, only one sperm antigen and one
seminal plasma antigen were common to all individuals.

Four Merino

rams similarly shared only one sperm and one seminal plasma antigen.
The author suggested that antigenic "fingerprints" might reflect
genetic differences among individuals.

In both breeds of rams, it

was found that antigens of sperm showed marked electrophoretic
migration, while those c* seminal plasma showed little or no migration.
Further electrophoresis data suggested to Kulangara that some of the
sperm-specific and seminal fluid antigens may be exchanged after
these components are mixed at the time of ejaculation.

Weil (1967)
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contended that antibody preparations produced against whole human
semen, seminal plasma, and washed ejaculated sperm were "indistin
guishable."

Weil found a sperm coating antigen (SCA) which is

apparently produced in the seminal vesicles of the human, and
adsorbed to the surface of sperm at the time of ejaculation.
Additional studies have been conducted to determine the number
and origin of antigens found in human semen.

Rao and Sadri (1959)

prepared antibodies against human semen, cervical mucus and blood
serum.

These antibodies were reacted by double diffusion in gel

against a variety of antigens associated with the human male and
female reproductive tracts.

Human semen was found to contain at

least 16 antigens, seven of which were found on sperm and four in
prostatic secretions.

Three of the antigens associated with washed

sperm apparently had no counterparts in the blood serum.
uniquely sperm-specific.

They were

Rao et a_l. (1961) recorded data on the

heat stability of these antigens which agreed quite closely with
those of Henle et a_l. (1938) cited earlier.

Similarly, Hunter

and Hafs (1964) concluded that ejaculated bull sperm have at least
seven antigens, five of these being shared with seminal plasma and
one with blood serum.

They further found that when their antiserum

was absorbed with blood serum and seminal plasma, at least three
antibodies remained which reacted with both epididymal and ejaculated
sperm.
Aggregates of sperm agglutinated by the serum of infertile
women have been stained with fluorescene-tagged goat anti-human
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globulin antiserum and examined by fluorescence microscopy (Franklin
and Dukes, 1964) . The presence of a high degree of fluorescence in
agglutinated sperm and the absence of such fluorescence in unagglu
tinated sperm treated with normal serum suggested that +he agglutina
tion was associated with a component of human globulin, probably an
antibody.

Fluorescene tagging is a useful tool for detecting the

presence of globulins.

Use of fluorescene tagging in this research,

however, indicated that passive hemagglutination was far more sensi
tive in detecting low levels of antibodies.
Boettcher and Kay (1969) analyzed sperm agglutinating serum of
a woman suffering from infertility by fractionation on Sephadex gel
and DEAE cellulose columns.

They concluded that the agglutinating

factor was not in any of the immuno-globulin fractions, but rather
was a y^-lipoprotein. While the sperm agglutinating factor may be
in a ^-lipoprotein fraction, Johnson (1968), using similar Sephadex
gel and DEAE cellulose separation procedures, claimed that normal
guinea-pig serum contains a natural antibody to the acrosomal region
of guinea-pig sperm.

That antibody, detected by a two-step immune

fluorescence procedure, is said to be found in the slow IgG fraction
of the serum.
Many of the antibodies produced against seminal products cause
sperm immobilization or agglutination.

Free passage of seminal

antigens and antibodies to them across the reproductive tract might
explain some cases of infertility.

Edwards (1960) discovered that

repeated insemination of pregnant rabbits with bull semen could
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result in the production of serum antibodies to bull seminal plasma
and sperm.

Similar inseminations with rabbit semen failed to pro

duce detectable levels of circulating antibodies to seminal plasma
or sperm.

Intramuscular injection of bull semen and modified

Freund's complete adjuvent led to antibodies against bull seminal
plasma and sperm in the serum and in washings from the reproductive
tracts of treated animals.

Similar injections with rabbit semen and

adjuvent again produced no evidence for antibodies in the reproductive
tract, but sperm agglutinating antibodies were found in the serum.
The authors concluded that circulating antibodies could enter the
female reproductive tract and that seminal antigens deposited in
the tract could reach the circulatory system.

Subsequently, Otani

and Behrman (1963) injected homogenized testes and epididymides
of guinea-pigs intradermally into female guinea-pigs.

Data from

several antibody assays indicated that agglutinins for homologous
sperm were present in the serum, and were also capable of passing
into the uterine and vaginal fluids.

In addition, sperm antibodies

were thought to be tissue-fixed in the uterine tissue.
Several investigators have attempted to correlate the appearance
of an immune response to seminal antigens with infertility in the
female.

McCartney (1923a, 1923b) observed temporary sterility in

female rats following a regimen of subcutaneous injections of rat
sperm.

Sterility was apparently caused by sperm agglutinating and

sperm immobilizing antibodies in the uterine and vaginal fluids.
Infertility persisted for 2 to 27 weeks, after which time litter
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sizes were still smaller than normal.

McLaren (196-1) found an inverse

proportion between serum titers. of_.sperm agglutinating: antibodies
and total numbers of young produced by female mice during the first
six months after isoimmunization.

The effectiveness of immunization

as measured by reduction in fertility was found to be dependent upon
the source of antigen as well as the frequency and route of injection
(Bell, 1969) .
Studies of fertility in heifers following immunization with bull
seminal products have not given consistent results.

Kiddy et al.

(1959) were unable to detect any change in the conception rate of
heifers which had been immunized with bull sperm, despite the fact
that sperm injections were continued until anaphylactic-like responses
developed.

Menge (1967) however, found that heifers which had re

ceived injections of bull semen and Freund's complete adjuvent or
bull testis material and adjuvent required about four times as many
inseminations to conceive as did control heifers.

In a subsequent

study, Menge (1969) found that a single injection of bull semen with
adjuvent administered up to 21 days after insemination led to a
pregnancy rate equal to only one-eighth the pregnancy rate found
in control heifers.

Two studies (Franklin and Dukes, 1964; Schwimmer

et al., 1967a) suggest a correlation between high levels of sperm
agglutinating antibodies in the serum of women and low fertility
or sterility.
Studies have been conducted to determine the developmental level
at which sperm-specific antigens appear in young male animals.
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Isojima and Li (1968) could detect no sperm-specific antigen in rats
younger than 30 days of age.

At about 30 days of age, one sperm-

specific antigen appeared in testicular homogenates.

The second

and third sperm-specific antigens were found only in adult testes
and epididymal sperm.

Research using various developmental stages

of the testes of guinea-pigs (Katsh, 1960) and rabbits (Menge, 1970)
disclosed that in both of these species, sperm-specific antigens are
first present in the secondary spermatocyte stage.

It is significant

that secondary spermatocyte and later stages of spermatogenesis are
not found during the pre-natal and early post-natal periods of
development (Anderson et al., 1967).

It is during those develop

mental stages that the body acquires immunological tolerance for
endogenous antigenic substances.

The capacity of the body to acquire

tolerances to new antigenic substances is largely lost during early
infancy.

If a set of unique antigens, such as the sperm-specific

antigens, develop at some time after the body has lost it’s capacity
to acquire new tolerances, those antigens might be expected to
stimulate an autoimmune response.
The pathological occurrence of autoantibodies to sperm has been
reported by several investigators (Fjallbrant, 1968; Katsh, 1968;
Zappi et al., 1970).

During the course of clinical studies of

sterile marriages, Fjallbrant (1968) found a statistically significant
relationship between men showing sperm agglutinating titers in their
serum, spontaneous agglutination of ejaculated sperm, low degree of
sperm motility, impaired ability of sperm to penetrate ovulatory
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cervical mucus and sterility.
If homologous or autologous antigens fail to induce circulating
antibodies because of inability to penetrate the male reproductive
tract, what reaction might be expected if this penetrating ability
were increased?

Swanson and Hafs (1969) calculated that unilateral

vasoligation of male rabbits would increase resorption of epididymal
sperm by as much as 42% on the operated side.

Resorption of that

much additional antigenic material might induce the production of
autoantibodies.

However, when sera were tested by double diffusion

in gel at five and ten weeks after operation, no such antibodies
could be found.

Rumke and Titus (1970) on the other hand, were able

to detect significant levels of circulating antibodies in two of
seven vasoligated male rats by means of a macroscopic sperm agglu
tination assay.

In addition, all members of a group of vasectomized

rats developed significant antibody titers.

Of rats receiving four

weekly intramuscular injections of unwashed epididymal rat sperm,
all animals receiving 1.5x10® or more sperm per injection developed
antibodies, while no animal receiving 1.5x10® or fewer sperm per
injection developed detectable antibody levels.

Rumke and Titus

(1970) were unable to detect any adverse effects on spermatogenesis
or fertility in spite of the presence of high titers of agglutinins
to homologous sperm in the serum of male rats.
What kinds of conditions might lead to production of autoanti
bodies to sperm?

Any condition which brings sperm or sperm antigens

into contact with the reticulo-endothelial system might result in
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antibody production.

Either extravasation of sperm or infiltration

of the male reproductive tract by macrophages and lymphocytes might
lead to stimulation of immunologically sensitive centers. 'Production
of autoantibodies to sperm would presumably follow the general mechan
ism of antibody production, that is:

proliferation of lymphoid cells,

leading to development of plasma cells, which in turn produce the
specific antibody (Anderson et al., 1967).

Vasectomy is an example

in which sperm might escape to interstitial regions, where they
could be picked up by macrophages or lymphocytes and carried to the
reticulo-endothelial centers.

A study of 22 men before and after

vasectomy revealed that 11 (or 50%) showed significant increases in
sperm agglutinating titers (Zappi et al., 1970).

Titers of agglutin

ins found in the serum of four patients before the operation were
tentatively attributed to clinical histories of urological inflamatory
disease.

History of injury, infection or ligation of the vas deferens

have been suggested as possible causes of autoantibody production
(Katsh, 1968; Schwimmer et al., 1967b).

One study of 64 men with

sperm agglutinins in their serum disclosed that about half had
abnormal epididymides or vasa deferentia (Rumke, 1965).

in 34 of

these cases, adequate medical histories were available.

Seven had

experiences gonorrheal epididymitis, two gonorrhea and about ten
others had histories of various maladies which led to inflamation
or obstruction of the reproductive tract with possible extravasation
of sperm.
While several investigators have attempted to quantitate the
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response to seminal antigens, the results of at least one study
suggest that the initial response may not be production of antibodies
at all.

Mancini (1968) injected testicular homogenate taken from

humans having prostate carcinoma autologously or into other patients
suffering from the same disease.

He found that the remaining testis

suffered inflamatory lesions and germ cell sloughing, and that
patients tested positively by passive cutaneous anaphylaxis, comple
ment fixation, double diffusion in gel and antiglobulin consumption
tests.

However, the detectable circulating antibodies were present

only in low levels.

He postulated that the initial response might

be of a delayed hypersensitivity type, possibly followed by the
formation of antibodies which themselves might be tissue-fixed
rather than circulating.
From the preceding overview of the literature, it can be con
cluded that immune or immune-like responses may result from treatment
of an animal with homologous or autologous sperm, or from treatment
with semen or testicular material which contains such sperm.

Such

immune responses may or may not be associated with some alteration
of fertility or testicular histology in the treated animal.

It is

reasonable to suspect that such responses might be found following
any treatment which led to the presence of sperm in any area of the
body outside of the immediate reproductive tract.

The rat is not

generally as responsive to antigenic challenge as some other species,
such as the rabbit or the guinea-pig.

However a drug is available

which, in high doses, leads to xupture of the epididymal ducts of
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male rats, with the resultant escape of sperm into the interstitial
region (Ericsson, 1970) . The availability of that drug prompted this
research to determine whether those escaping sperm might induce an
autoimmune response.

Since this drug (U-5897 or «*C-chlorohydrin)

results in permanent sterility in the male rat, no attempt could be
made to correlate observed antibody titers with changes in fertility.
An additional study was undertaken in which male rats were injected
intravenously with homologous epididymal sperm.

Injected animals

were examined not only for circulating antibodies to sperm, but also
for evidence of changes in fertility and testicular and epididymal
histology.
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PROCEDURES, RESULTS AND DISCUSSION

General Experimental Procedures

The animals used for this study were mature Spartan rats, and
Dutch Belted and minature New Zealand rabbits.

All animals were

maintained at 22°C on a 14/10 hour light/dark schedule.
and humidity levels were controlled.

Ventilation

Food and water were available

ad libitum.
Blood samples were taken by cardiac puncture.

Rabbits were

bled without anesthesia, while rats were anesthetized with ether for
bleeding.

Blood samples were allowed to cloth, then centrifuged for

ten minutes at 900 gravities.

Serum was heated to 56°C for 30

minutes to remove nonspecific complement activity, then stored at
-10°C in two ml serum vials.
Sperm for immunization and assay procedures were obtained from
the caudal epididymides of mature male rats following cervical
dislocation.

Caudae were dissected out, blotted dry, incised with

a razor blade, and the sperm squeezed into about 0.25 ml of Tyrode’s
solution in a watch glass.

The sperm were pooled with sperm from

other males to obtain the desired quantity.

The concentration of

pooled sperm was determined by means of a hemacytometer counting
chamber and adjusted as required by the addition of Tyrode’s solution.
The sperm antigens used for immunological assays consisted of
supernatant substances derived from ground, epididymal rat sperm.
Whole epididymal rat sperm at a concentration of 200 million/ml in
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Tyrode's solution were frozen in a porcelain mortar with a small
amount of ground glass at -10°C.
pestle until the onset of thawing.

The mixture was ground with a
Refreezing and grinding continued

until microscopic examination indicated that at least 70 to 80% of
the sperm head membranes had been disrupted.

Upon completion of

grinding, the mixture was spun at 16,000 gravities for 45 minutes in
a refrigerated centrifuge at 4°C to remove all traces of ground glass,
head membrane and tail fragments.

Batches of supernatant were stored

at -10°C until enough had been prepared to conduct all immunological
assays planned.

Each batch of sperm supernatant was tested for

antigenic activity against rabbit anti-rat sperm serum by double
diffusion in gel on Ouchterlony diffusion plates (Hyland Laboratories).
All antigenically active batches of supernatant were pooled and
returned to storage at -10°C to await use.
Rat sera were tested for antibodies by means of the passive
hemagglutination assay of Stavitsky (1954a, 1954b).

Serial three

fold dilutions of test sera were assayed to determine maximum antibody
titers.

All sera from a complete experiment were assayed at the

same time to eliminate possible variations in assay sensitivity as
an uncontrolled variable.

Controls for each assay included rabbit

serum of known positive and negative activity, as well as a sample
at the highest concentration of each test serum sample treated with
tanned sheep cells which had been "sensitized" with saline solution
instead of antigen.

The latter control ruled out the possibility

on nonspecific agglutination of the sheep cells by some component
of rat serum.
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Rabbit Serum Controls

Circulating antibody titers to rat sperm were induced in rabbits
to

supply a benchmark for comparison of future titers which might

be

produced in rats.Two mature female rabbits were immunized by

means of intramuscular injection of whole, fresh, epididymal rat
sperm, emulsified in an equal volume of Freund's complete adjuvent.
Each rabbit received about 100 million sperm injected into alternate
hind quarters once weekly for three weeks.

Normal rabbit serum to

be used as a negative control was obtained from mature virginal does.
Positive control rabbit anti-rat sperm serum consistently pro
duced three or four distinct precipitin bands when reacted by double
diffusion in gel against supernatant antigens derived from ground
epididymal rat sperm,

and four or five bands when reacted against

whole, epididymal rat sperm.

Protein concentrations of the anti

genic substances were not determined, but the clarity and number of
bands appeared to be related to the concentration of sperm used for
antigen.

Normal rabbit serum failed to produce any precipitin bands

when reacted with either supernatant antigens or whole sperm, and
showed no antibody activity when tested by passive hemagglutination.
Repeated passive hemagglutination assays of the positive rabbit serum
showed positive agglutination in two-fold dilutions through 1:8,000.
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Intravenous Injection of Homologous Sperm

Introduction of homologous sperm into the circulatory system
of male rats might elicit an immune response.

Mature male rats were

injected intravenously once or twice weekly with whole, fresh,
epididymal rat sperm to determine whether such injections induce
circulating antibodies to sperm, or have any observable effects on
fertility or testicular histology.

From a group of previously mated

male rats, 36 animals, ranging in weight from 305 to 415 grams, were
selected at random.

Palpation indicated that all animals had two

normal, descended testes at the time of selection.
were arbitrarily divided into four groups.

Selected animals

Two groups of 12 animals

each, received one or two injections of sperm weekly, while two groups
of six animals each served as controls, receiving injections of
Tyrode's solution on a similar schedule.

Following group designation,

each male was mated to at least two females to assure normal libido
and fertility.

Cohabitating females were examined each morning for

the presence of vaginal sperm and vaginal plugs, the occurrence of
either being considered evidence of mating.

The date of mating was

noted, and mated females were removed to individual cages.

After

nine or ten days of gestation, the females were killed and the num
ber of developing uterine implantation sites recorded.
exhibited normal pre-treatment libido and fertility.

All males
Injections into

alternate femoral veins were begun after all males had availed them
selves of at least two females.
of one ml by volume.

All intravenous injections consisted

One group of 12 males received one injection
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of 100 million fresh, epididymal rat sperm in Tyrode's solution
weekly for three weeks.
injections weekly.

A second group of 12 received two similar

One control group received one weekly injection

of Tyrode's solution, while the second control group received two
injections per week for three weeks.

Upon termination of treatment,

each male was cohabitated weekly with a different female for eight
weeks.

Females were checked for mating daily and mated females

removed to individual cages for nine or ten days of gestation.

After

the prescribed gestation, mated females were autopsied and examined
for number of developing implantation sites as well as obvious
reproductive abnormalities, such as implantation sites of unusual
size.

Following eight weeks of post-treatment matings, males were

exsanguinated and grossly examined for reproductive abnormalities
such as testicular atrophy or lesions.

Serum samples were preserved

for antibody assay and epididymides and testes were fixed in Bouin's
solution.

Fixed tissues from representatives of each group were

sectioned at five to six microns and stained with hematoxylin and
eosin for histological examination.
Results of hemagglutination assay of serum from all males
receiving intravenous injections of sperm or Tyrode's solution are
shown in Table 1.

No agglutination was detected in serum of any

control animals or saline controls of serum from treated animals at
the highest concentration tested (one in three dilution).

In

addition, no antibodies could be detected in serum from animals
receiving only one injection of sperm weekly.

Circulating antibodies
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Table 1.

Sperm antibody titers of rats eight weeks after final
intravenous injections of rat sperm or Tyrode’s solution.

Sperm Injected

Animal
number

Antibody
titer

Control

Saline
control

Animal
number

Sperm once weekly

201
202
203
204
207
209
210
212

.„

0
0
0
0
0
0
0
0

0
0
0
3
243
9
3

Saline
control

Tyrode 's once weekly

0
0
0
0
0
0
0
0

102
103
104
105
106

Sperm twice weekly

302
303
304
306
307
308
312

Antibody
titer

0
0
0
0
0

0
0
0
0
0

Tyrode’s twice weekly

0
0
0
0
0
0
0

107
108
110
111
112

0
0
0
0
0
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to sperm were detectable in four of seven surviving animals which had
received two injections of sperm weekly.

Antibody titers were low,

ranging from 3:1 to 243:1 in the four responding animals.

The low

titers, coupled with the fact that response was limited to four of
seven animals in the higher dose regimen suggests that an increased
number of injections might be more effective for inducing circulating
antibodies.

Using confidence belts for proportions and cumulative

binomial distribution tables (Steel and Torrie, 1960; Owen, 1962),
the number of animals producing antibodies following two injections
of sperm weekly, was statistically different (p<0.05) from the
control group, however.
Post-treatment conception rate, as measured by the total number
of uterine implantation sites generated in eight weeks of matings,
was not altered by sperm injection.

Even males possessing the high

est levels of circulating antibodies to sperm displayed normal
conception rates.

The percentage of implantation sites which appeared

to be smaller than normal and possibly to be resorbing, was higher
in both sperm treated groups than in the corresponding control groups.
Two samples of testicular and epididymal tissues were selected
at random from each treatment and control group.

Three additional

tissue samples were selected on the basis of high titers of circula
ting antibodies found in those animals.
were examined histologically.

Selected tissue samples

Spermatogenesis appeared normal in

all testes samples, with all developmental stages present through sperm.
Epithelial cell height was found to be normal in all testicular and
epididymal tissue examined.
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Antibodies to Sperm in Animals Treated with

-Chlorohydrin

Any means by which sperm are introduced to a region of the body
other than the reproductive tract must be considered as a possible
source of antigenic challenge.

A rat chemosterilant,0<-chlorohydrin

(Upjohn U-5897) was administered to male rats to test whether sperm
released from drug induced sperm granulomas could induce an auto
immune response.

Experiment 1

Fifteen mature, male rats ranging in weight from 311 to 366
grams, and having two normally descended testes, were dosed once
orally with 90 mg/kg of body weight of o<-chlorohydrin suspended in
0.5 ml of 0.25% methy1-cellulose in aqueous suspension (Upjohn
Vehicle 122) . An additional 15 males were dosed with Vehicle 122
as controls.

Five experimental and five control animals were ex

sanguinated by cardiac puncture at two, four and six weeks post
treatment.

Serum samples drawn two weeks post-treatment were

maintained individually and labeled, but all five experimental samples
drawn at week four were pooled, as were those drawn at week six.
a result, antibodies found in sera from weeks four and six must be
considered as averages of the groups bled on those dates.
sera drawn at weeks four and six were similarly pooled.

Control
Blood

samples were also taken from four animals from a different study
(Ericsson, 1970) which had received single oral doses of 90 to 100
mg/kg of body weight of oC -chlorohydrin approximately nine months
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prior to bleeding.
Analysis of sera by passive hemagglutination indicated that
antibodies to sperm were detectable in half of the treated animals
by two weeks post-treatment.

Antibody titers were higher by the

fourth and sixth weeks post-treatment (See Tables 2 and 3).

Three

of four animals tested nine months post-treatment showed high titers.
These data suggest that over a period of time, at least most animals
will produce autoantibodies to sperm following treatment with
c< -chlorohydrin.

The antigenic challenge presumably arises from

the sperm granuloma, which may start to form within 48 to 72 hours
after drug treatment.

Granulomas range in size up to about 1.5 or

2.0 centimeters in diameter, and require as much as three months to
be resorbed.

Thus the source of antigen is present for as much as

three months following drug treatment.

Experiment 2

One of the most important uncontrolled variables in Experiment 1
was that of individual differences among the animals bled at two,
four and six weeks after treatment.

Changes in antibody titers and

in the proportion of animals responding would certainly be more
relevant if it could be shown that these changes occurred within a
given individual or even within a particular group of individuals
as time passed, rather than between one group bled at one time and
a different group bled two or four weeks later.
In the subsequent study utilizing ®<-chlorohydrin, 21 male rats
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Table 2.

Sperm autoantibody titers in rats receiving 90 mg/kg body
weight of
-chlorohydrin or Vehicle 122 once, orally.

Control

Drug Treated

Weeks post
treatment

Antibody
titer

Saline
control

Antibody
titer

Saline
control

2
2
2
2

81
0
0
81

0
0
0
0

0
0
0
0

0
0
0
0

4
4

729
2,187

0
0

0
0

0
0

6
6

2,187
2,187

0
0

0
0

0
0
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Table 3.

Sperm autoantibody titers nine months post-treatment in
rats receiving 90-100 mg/kg body weight of c*-chlorohydrin
once, orally.

Animal
number

128a
128b
129
714

Antibody
titer

0
81
243
729

Saline
control

0
0
0
0

/
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of proven fertility were randomly divided into a treatment group
of 11 animals and a control group of ten animals.

Each member of

the treatment group received 45 mg/kg of body weight of °^-chlorohydrin
in 0.5 ml of Vehicle 122 orally, daily for eight days.

Each member

of the control group received 0.5 ml of Vehicle 122 alone, daily for
eight days.

The change in dosage from that used in Experiment 1

was prompted by the fact that multiple, lower, lesion producing
doses were found to be more effective in producing sperm granulomas
than was a single higher dose (Ericsson, 1970) . At the conclusion
of dosing, both treated and control groups were subdivided into two
groups each, designated as T-l (Treated-1), T-2, C-l (Control-1),
and C-2.

The groups were subdivided to facilitate drawing blood

samples each week without bleeding any given individual more than
once in any two week period.

All blood samples drawn during this

study were maintained separately (no pooling) and identified.

Three

days after the final doses were administered, designated as Week 1,
nine to ten mis of blood was drawn by cardiac puncture from each of
four rats in group T-l and each of four in group C-l.

One week

later, Week 2, four members each from groups T-2 and C-2 were bled
in a similar manner.

The bleeding schedule was continued, rebleeding

members of groups T-l and C-l on odd numbered weeks and members of
groups T-2 and C-2 on even numbered weeks through Week 6.

No blood

samples were drawn on Week 7 due to a diminishing number of surviving
animals.

At Week 8, all surviving animals were bled for the final

time.
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All animals in Experiment 2 were autopsied and examined for
lesions in the initial segment of the caput epididymidis and for
sperm granulomas.

All animals which had received ©C-chlorohydrin

had bilateral lesions causing blocked efferent ducts, and all had
at least one sperm granuloma, with most having bilateral granulomas.
No control animals were found to have either lesions or granulomas.
Results from the passive hemagglutination assay of sera collected
during the course of Experiment: 2 confirm and expand upon the data
gained in Experiment 1.

Table 4 shows again, that half of the

0< -chlorohydrin treated rats had detectable levels of circulating

autoantibodies to sperm by the second week post-treatment, and that
every animal tested from the fifth week through the eighth week post
treatment had produced such antibodies (See Figure 1) .

No circulating

autoantibodies to sperm were found in any control animal.

The differ

ence between the treated and control groups at eight weeks post
treatment, for example, was statistically significant at p<D.01 using
Wilcoxon’s Signed Rank test (Steel and Torrie, 1960).

General Discussion

Past research efforts have been unable to confirm or deny a
positive relationship between the presence of antibodies to sperm
and decreased fertility.

This study adds little new information

pertinent to that question.

Freund et al. (1953) concluded that

antibodies directed against injected homologous testicular material
led to aspermatogenesis in the guinea-pig.

There is some evidence
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Table 4.

Sperm autoantibody titers in rats receiving 45 mg/kg body
weight of o< -chlorohydrin or Vehicle 122 orally, daily
for eight days.

Drug Treated

Weeks post
treatment

1
1
1
1

Group
T-l

3
3
3

Group
C-2

0
0
0
0

0
2,187
2,187
2,187

0
0
0
0
0
0
0
0

2,187
2,187
0
19,683*
81
243

6
6
6
8
8
8
8
8

Group
C-l

0
81
27
0

4
4
4
5
5
5

Group
T-2

0
0
0
0

2
2
2
2
«_>

Control

0
0
0
0
0
0

6,561
2,187
243
81
59,049*

0
0
0
0
0

729
2,187
6,561

Note - All saline control titers equal 0.
* Titers higher than 6,561 are estimated.
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59,049
19,683
6,561

2,187 -L.
729
243
81

27

36
Weeks Post-treatment
Figure 1,

Composite of Autoantibody Titers to Sperm Found in All Rats Treated with
-Chlorohydrin.
w
o
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rnat tin' iK'ciiri’c n a 1 of au toaggl u tina ting antibodies to sperm may be
related to some eases of sterility in human males (Fjallbrant, 1968),
but the evicier.ee is not conclusive at this time.

Rumke and Titus

(1970) induced high titers of agglutinins to homologous sperm in the
scrum of male rats by several methods, but were unable to detect
any adverse effects on spermatogenesis or apparent fertility.

The

significant (p<0.05) but low titers of circulating antibodies to
sperm produced in response to intravenous injections of homologous
sperm in this study could not be correlated with any observable
changes in histology of the epididymis or testis, nor with any
apparent changes in the fertility of the animal.

Antibodies to sperm

could not be detected by passive hemagglutination in any animals
which had received only one injection weekly for three weeks, and
were detectable in only four of the seven rats which received two
injections weekly for three weeks.

Of the four animals showing anti

body titers, only one exhibited a titer as high as 243:1, while two
other animals tested positively in dilutions no higher than 3:1.
The number of animals responding coupled with the low titers observed
suggests that increasing the number of injections as well as the
number of sperm in each injection might lead to the production of
antibodies to homologous sperm in a larger proportion of the treated
animals.
The occurrence of what appeared to be abnormally small and
possibly resorDing uterine implantation sites was higher in females
mated to males which had received sperm injections than in females
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mated to control males.

The sites were not accurately measured or

examined for pathology, however, so the apparent abnormality is
viewed as merely an interesting observation, possibly deserving more
extensive investigation.
Another interesting observation which again lacked adequate
controls was the possibility that intravenous injection of homologous
sperm might increase the death rate following the initial injections.
Only two of 12 animals receiving injections of Tyrode's solution
died during the course of the study, while four of 12 animals receiv
ing one injection of sperm weekly, and five of 12 receiving two
injections of sperm weekly died.

Causes of death were not determined,

but gross observation suggested that most of the sperm injected
animals which died, suffered respiratory failure within ten minutes
after receiving injections.

If that observation were verified, it

might imply an anaphylactic response was taking place.
Animals treated with 0<-chlorohydrin produced levels of auto
antibodies to sperm which were detectable in virtually all treated
animals after five weeks post-treatment.

Titers in those animals

ranged to more than one hundred times the maximum titer found in
intravenously injected animals.

The cause for this difference could

be the duration of the antigenic challenge.

Treatment of a male rat

with oC-chlorohydrin causes a lesion which blocks the initial segment
of the caput epididymidis.

Blockage may be followed by rupture of

the epididymal duct with production of a sperm granuloma in the area
of the lesion.

The granuloma may remain in evidence for several
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months, slowly releasing sperm to the reticulo-endothelial system.
This persisting release of sperm probably constitutes an antigenic
challenge of unusual duration.
Any immune response to endogenous body constituents, or auto
immune response, is of interest because it represents a failure of
the body to develop a tolerance to an autoantigen early in life.
Anderson et al. (1967) suggests that tolerance to autoantigens is
normally acquired very early in life.

Both Katsh (1960) and Menge

(1970) found that sperm-specific antigens were not present prior to
the secondary spermatocyte level of development, and were therefore
not present at a time when tolerance could be acquired.
Chemical induction of autoantibodies to sperm by treatment with
oC -chlorohydrin may prove to be a valuable tool in the study of
immune and autoimmune responses in male rats.

While autoimmune

responses to other antigens may have been induced chemically, this
paper represents the first evidence for a chemical which can induce
an autoimmune response to sperm,

past investigators who sought to

characterize antibodies produced against sperm have lacked a reliable
method for inducing high levels of such antibodies except by the use
of Freund's complete adjuvent.

Freund's complete adjuvent has

several limitations, among them are frequent production of ulceration
at injection sites, and the presence of foreign proteins in the form
of killed mycobacteria.

The full implications of these limitations

are not fully understood at this time.
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SUMMARY AND CONCLUSION

The purpose of this study was to investigate the effects on
selected immunological and reproductive parameters of introducing
sperm into regions of the male rat where sperm are not normally
found.

Homologous and autologous epididymal sperm were introduced

into the body by two different methods.

Homologous sperm, in the

absence of adjuvent, were injected intravenously.

Treated animals

were examined to determine whether intravenous injections of sperm
led to production of circulating antibodies to sperm, or to changes
in fertility or reproductive histology.

Data on antibody titers

and fertility were compared to determine whether a correlation
existed between these parameters.
Any means by which autologous sperm are released from the male
reproductive tract into the interstitial tissue provides a potential
challenge for the induction of autoantibodies.

Treatment of male

rats with o<-chlorohydrin (U-5897) caused lesions in the initial
segment of the caput epididymidis, followed by rupture of the epidi
dymal duct.

It is reasonable to suspect that sperm released from

such a rupture might challenge the animal to produce autoantibodies.
All antibody titers were determined by a passive hemagglutination
technique.
Statistically significant (p< 0.05) levels of antibodies to
sperm were produced in rats receiving a minimum of two intravenous
injections of homologous sperm weekly for three weeks, but no
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correlation was found between detectable antibody levels and changes
in fertility or reproductive histology.

Males treated with U-5897

were found to produce high levels of circulating autoantibodies to
sperm.

Fertility and histology data for animals treated with U-5897

can be found in the literature (Ericsson, 1970).
Unlike animals which were challenged by intermittent intravenous
injections for three weeks, persisting sperm release at the site
of the sperm granuloma caused by U-5897 continued to stimulate the
animal antigenically. Resultant antibody titers increased through
at least the first eight weeks following drug administration, and
remained at high levels through at least nine months post-treatment.
The discovery that autoantibodies to sperm can be induced simply
by means of drug administration may provide a convenient and valuable
tool for future investigations of the immune, or more accurately,
the autoimmune response in rats.
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